Introduction

Cell types amenable to intranuclear Ig penetration
The presence of intranuclear Ig has been described in various It is well known that antibodies have access to the cytosol (but not the nucleus) of living cells, though their fate after cell types: mononuclear cells of peripheral blood (PBMNC), 10,12 epithelial (or transformed epidermal) cells, 8, 11 internalization varies according to pathways used: in immunocytes, the antigen driven internalization of immunoglobulin glomerular, 20 virus-infected mesanglial cells or hepatoma cells, 14 neurons 21 and dermal fibroblasts. 15 However, a given (Ig) receptor, is followed by intracytoplasmic catabolism of the antigen-antibody complex, 1 whereas in secretory epithelial serum with Ig of demonstrable intranuclear localization does not necessarily exhibit such properties with all of the above cells, via a non-specific, non-degrading secretory component (SC) driven transcytosis, intact Ig is secreted into the glanducell types. For example, by the in vitro INIgS assay, certain SLE-derived Igs are positive when tested with live transformed lar lumen. 2 However, only autoantibodies, mainly with anti-nuclear epidermal cells, but are negative upon incubation either with live human/murine dermal fibroblasts or with transformed antigen (ANA) binding activity, have been shown to translocate into the nucleus of live cells. The latter was documented murine lymphoma cell lines. 3-9 A positive in vitro INIgS (in vitro binding of autoantibodies to nuclei of live cell in culture), was first described scence (IF) microscopy, methods that were used by many others. [4] [5] [6] [7] [8] [9] [11] [12] [13] [14] [15] [16] 22, 23 Because the ability of intact autoantibodies by Alarcon-Segovia et al 10 and followed by others. 8, [11] [12] [13] [14] [15] We were the first to report the co-existence of these two indeto enter nuclei of living cells was disputed, [23] [24] [25] [26] [27] [28] investigators made use of additional methods to support the original findpendent observations in an SLE patient, 8 a finding which was recently further extended in 11/25 additional patients. 16 ings. These included, among others, confocal microscopy, 14 immunoelectron microscopy, 14 measurement of cellular/ Lately, it has also been reported that after passive transfers, three murine monoclonal antibodies (mAbs) with anti-DNA nuclear associated radioisotope labelled antibodies, 14 determination by immunoblot of cellular/nuclear IgG content, 16 activity penetrate nuclei of kidney cells in vivo, and also into cultured mesenchymal and hepatoma cells. 14 PLP cross-linking and fixation of cellular proteins before immunostaining.
14, 16 Not all antinuclear autoantibodies of a given antigen binding specificity can penetrate cells, nor are all cells types, nor all cells of a given cell type penetrable by such autoantibodies.
14, 16, 17 This may depend on the intracellular and/or surAntigen-binding specificities and titer of autoantibodies with nuclear penetrating properties face expression of antigens.
18 It may also depend on properties of the penetrating autoantibody, ie a mAb anti-dsDNA has been described that penetrates only renal tubular cells. This
It is now acknowledged by many investigators that the intracellular environment is not an immunologically privileged penetrating capacity is determined by a single amino acid mutation that markedly enhances that potential. 19 site, and therefore it is not tenable that nuclei of live cells cannot be reached by autoantibodies. 17 Though the first in Though the intranuclear entry into living cells by some lupus autoantibodies is an established phenomenon, some of vivo INIgS description was made in ANA seropositive SLE patients, 3 a more detailed characterization of the autoantiits aspects are yet not fully understood. In order to address the issue, a review of available data is presented, regarding antibodies involved was achieved in the first in vitro INIgS assay, in which IgG anti-RNP antibodies were shown to penetrate gen binding specificities and titer of 'penetrating' autoantibodies, cell types amenable to intranuclear Ig entry, methodinto nuclei of live human PBMNC. 10 Confirmation was slow, but with time a large array of autoantibodies of different speciologies used, requirements allowing intranuclear Ig import, and its impact on cell function or clinical symptoms in SLE.
ficities were shown to exhibit intranuclear penetration properties. The latest list 17 includes the following: anti-RNP, anti-RNA, polyclonal and monoclonal anti-DNA, anti-lymphocyte, anti-Ro, anti-proteinase-3, anti-synaptosomal, anti-neuronal Correspondence: TD Golan Received and accepted 27 September 1996 (anti-Hu), anti-ribosomal protein-P. However, additional pen-7 etrating autoantibodies of yet uncharacterized ANA speciwhich such a motif is present, in contrast to other anti-DNA mAbs lacking this motif, and that are not able to enter the ficities do exist. 16 These collective data were obtained either with SLE-derived polyspecific or monospecific sera, subnuclear compartment. Moreover, the three mAbs are able to penetrate into nuclei of live glomerular cells of intact normal sequently with some mAbs. 16, 17 Though intranuclear Ig deposition in live cells of skin, kidmice, and nuclei of cultured cells, respectively. 14,20 Though the fate of intranuclear Ig is unclear as yet, its in vitro presence ney, and other organs was mainly observed in ANA seropositive SLE or MCTD patients (diseases in which nearly 100% of is of a transient nature, namely, it disappears from the nuclear compartment within 48 h after removal of the Ig source from patients are ANA seropositive), the frequency of routine tissue immunofluorescence among such patients rarely exceeds the culture medium. 16 Protein binding via NLS to a signal recognition molecule at 25%. 23, 29 Indeed, it was shown that not all antinuclear autoantibodies with the specificities listed above have access to the nuclear membrane pore is a critical step for entry into the nuclear compartment. This step is determined by a NLS the nuclear compartment of live cells.
14, 16, 17 This discrepancy between 'penetrating'/'non-penetrating' ability of a given anticontained either within the antigen-binding region (and not necessarily within the antigen binding site) of the antibody gen-specific autoantibody is neither directly related to titer 16 nor to its 
Effect on cell function Intranuclear entry requirements of autoantibodies
The notion that the presence within the nuclear compartment of live cells of Ig molecules with ANA binding specificities Antibody entry into the cytosol of living cells is a well studied observation: (1) The SC-mediated but non-antigen-specific could affect cell function was supported by experimental evidence: both anti-RNP and anti-DNA antibodies arrest the cell intact Ig transcytoplasmic migrate through hepatocytes or secretory epithelial cells, from intercellular space into the cycle of human PBMNC and induce cell death. 10, 42, 43 Furthermore, after passive transfer, murine mAbs with binding speciglandular lumen.
30 (2) In immunocytes, either the antigendriven internalization of surface Ig (SIg) within clathrin-coated ficities to the 34-kDa and 16-kDa D proteins demonstrate penetration into glomerular cells, induce podocyte fusion, pits after binding specifically to a certain epitope, or the nonantigen specific Fc-receptor mediated endocytosis of antibody glomerular proliferation and proteininuria in vivo. 20 In addition, penetrating antibodies which do not translocate into already complexed with antigen, terminates in both cases in a catabolic breakdown of Ig molecules. However, under certain the nucleus, but bind to cytoplasmic structures, such as antiribosomal protein P, affect Ca ++ flux across the cell membrane conditions SIg may recycle to surface for repeated antigenic exposure. 1 and alter apolipoprotein and cholesterol metabolism. 17 More recently, it has been suggested that the penetration of anti-ANA autoantibodies with nuclear penetrating properties exhibit a combination of both of the above pathways for cytobodies into cells may not only induce tolerance to self by apoptosis of autoreactive lymphocytes, but may also cause sol access: though antigen-specific, 17 Ig internalization is of a non-degrading nature. 16 Furthermore, it can be either Fcautoimmune disease by dysregulation and/or damage to these cells. In order to enable such an intact autoantibody import to Not all data, however, support the notion that intranuclear Ig presence interferes with cell function. In a recent study of the nucleus, two consecutive and independent translocation processes seem to take place: firstly, a non-degrading (but 25 lupus patients, a group of in vivo positive INIgS (11/25) was compared to the remainder of in vivo negative INIgS antigen(s)-specific pathway, allowing entry into the cytoplasmic compartment; the second, involving a nuclear localiz-(14/25): no differences between the groups were observed with regard to any clinical symptom or to any specific organ ation signal (NLS) that selects for Ig nuclear import via the pore complex of the nuclear membrane (see Table 1 ).
involvement. 16 It was also noted that the in vitro intranuclear presence of ANA autoantibodies did not affect cell viability, Indeed several recent reports support this assumption. The relatively high frequency of intranuclear Ig presence in SLE or DNA synthesis of cultured COLO-16 cells. 8, 16 Another in vitro study showed that intranuclear presence of anti-neuronal patients suggest that selected lupus-derived Igs utilize pathways for intact intracytoplasmic access and nuclear entry (anti-Hu) autoantibodies in live cells of transformed central nervous system lines, neither affected cellular proliferation nor similar to those used by extracellular hormones, peptides and growth factors. [31] [32] [33] [34] [35] [36] [37] In those examples, constitutive or exogencaused any notable cellular damage, although the presence of these autoantibodies in serum in patients with small cell ous cell surface associated acceptors, specific for each ligand, are expressed on appropriate cells, which allow for the intralung carcinoma is known to be associated with neuropathy and encephalomyelitis.
45 nuclear oriented traffic.
Lately it has been observed that non-degrading Ig entry into Whether these different observations on the effect of intranuclear Ig presence on cell functions in vitro is related to cell the cytosol occurs within organelles that resemble clathrincoated vesicles, 38 and requires an intact microfilament systype used (namely, perhaps COLO-16 cells or other transformed cell lines may behave differently when compared to nontem. 8 More recently, Foster et al 29 demonstrated that intranuclear Ig import is associated with a conformational motif in transformed cells, such as PBMNC) is unclear at present. However, another possibility is not ruled out, namely, that the its H-chain CDR3, which resembles NLS. This observation was made in a subgroup of three mAbs (derived from antibody binding site of Igs entering cytosol and nuclear compartments in a non-degrading pathway are already occupied, MRL/lpr/lpr mice) with anti-DNA binding specificities, in 
